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PATENT 


MAGNETICALLY NAVIGABLE TELESCOPING CATHETER 
AND METHOD OF NAVIGATING TELESCOPING CATHETER 


FIELD OF THE INVENTION 

5 This invention relates to a magnetically navigable telescoping catheter and a 

method of magnetically navigating a telescoping catheter within open body spaces. 

BACKGROUND OF THE INVENTION 

Many medical procedures require the ability to accurately navigate medical 
devices inside the body. In the past, this has been accomplished with mechanically 
10 steerable devices. More recently, magnetically navigable medical devices have been 
developed that can be navigated with an externally applied magnetic field. 

However, previously available navigable devices and navigation methods are 
only marginally acceptable for some procedures where high precision is required. For 
example, in certain cardiac procedures such as mapping (recording electrical impulses 
1 5 on the surface of the heart); pacing (inducing electrical impulses of the surface of the 
heart); and ablation (applying RF energy to the heart tissue to ablate the tissue to 
block stray electrical signals that cause arrhythmias) an electrode must be precisely 
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controlled to contact specific points on the heart. One treatment of cardiac 
arrhythmias relies upon the formation of a continuous linear lesion from a series of 
contiguous spot lesions. Such a procedure can be extremely tedious and time 
consuming with previously available devices and navigation methods. 

5 Examples of mechanically controlled catheters for such procedures include 

Avitall, U.S. Patent Nos. 5,354,297, 5,327,905, and 5,642,736; Webster, U.S. Patent- 
No. Re 34,502; West et al., U.S. Patent No. 5,318,525; and Webster, Jr., U.S. Patent 
No. 5,626,136. These mechanically actuable catheters typically have a limited 
number of directions of movement. Moreover to navigate the distal end of the 

10 catheter to a particular point, the catheter had to be rotated, but rotation of the 

proximal end of the catheter did not always directly translate to rotation at the distal 
end, particularly where the path of the catheter was convoluted. Moreover, twists and 
turns in the catheter would impair or eliminate the ability to control the distal end of 
the catheter. 

15 Magnets have also been used in such devices. Scheinman, U.S. Patent No. 

5,429,1 3 1 and Grayzel, U.S. Patent No. 4,809,73 1 . However, not for navigation. 

SUMMARY OF THE INVENTION 

The present invention relates to a magnetically navigable telescoping catheter, 
and to a method of navigating such catheter in the body. Generally, the magnetically 

20 navigable telescoping catheter of the present invention comprises a sleeve having a 
proximal end and a distal end. An extension member having a proximal end iand a 
distal end is slidably mounted in the sleeve so that the distal end portion of the 
extension member telescopes from the distal end of the sleeve. The distal end portion 
of the extension member is relatively more flexible than the distal end of the sleeve. 

25 At least one magnet is positioned on the distal end portion of the extension member to 
allow the distal end of the extension member to be oriented by the application of an 
externally applied magnetic field. The position of the distal tip of the catheter can be 
. . controlled by the controlled application of a magnetic field to orient the distal end of 
the extension member, and telescoping the extension member into and out of the 

30 sleeve. At least one electrode is positioned on the distal end of the extension member. 
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In accordance with a preferred embodiment of this invention, a sheath is also 
provided, and the sleeve is slidably mounted in the sheath so that the distal end of the 
sleeve can telescope relative to the distal end of the sheath. In navigating the catheter 
of the preferred embodiment, in addition to the direction control provided by the 

5 controlled application of a magnetic field and the telescoping of the extension 
member relative to the sleeve, the user can also telescope the sleeve relative to the 
sheath to control the position of the distal end of the extension member. This gives 
the user a first adjustable length whose direction is controlled by the direction of the 
magnetic field, and a second adjustable length substantially unaffected by the 

1 0 direction of the magnetic field 

The catheter can be provided with one or more electrodes for cardiac mapping, 
pacing, or ablation. Alternatively, the catheter can be used in some other procedure 
such as the delivery of therapeutic agents. 

According to the method of this invention, the distal end of the extension 
15 member is navigated to the site in the body. Once in the desired location, a magnetic 
field is applied to orient the distal end portion of the extension member, and the distal 
end is navigated to a precise location by the relative telescoping of the extension 
member relative to the sleeve, and in the preferred embodiment also by the relative 
telescoping of the sleeve relative to the sheath. 

20 With this method, an electrode on the end of the distal end of the extension 

member can be navigated to contact specific parts of the body, for example the 
chambers of the heart, to bring an electrode into contact with the tissue for mapping, 
pacing, or ablation. 

The telescoping motion and magnetic guidability of the electrode catheter of 
25 the present invention allows superior control of the distal end of the catheter, without 
regard to the path of the catheter. The improved navigation is both faster, reducing 
procedure times, and more accurate, allowing the procedures to be successfully 
completed. However the catheter is of relatively simple and reliable- construction. 
. : These and other features and advantages will be in part apparent and in part pointed 
30 out hereinafter. . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top plan view of a catheter constructed according to the principles 
of this invention; 

Fig. 2 is an enlarged longitudinal cross-sectional view of the extension 
5 member; taken along the plane of line 2-2 in Fig. 1 ; 

Fig. 3 is an enlarged longitudinal cross-sectional view of the extension 
member, showing the flex point on the extension member between the magnets and 
the electrodes; 

Fig. 4 is an enlarged longitudinal cross-sectional view of the extension 
10 member, showing the flex point on the extension member between magnets and the 
distal end of the sleeve; 

Fig. 5 is a distal end elevation view of an alternate construction of the catheter, 
showing an alternate arrangement of the electrodes; 

Fig. 6 is a top plan view of an alternate construction of the electrode catheter 
15 in which the sheath is curved; 

Fig. 7 is a top plan view of an alternate construction of the electrode catheter 
without a sleeve; 

Fig. 8 is longitudinal cross-sectional view of an alternate construction of the 
extension member; 

20 Fig. 9 is a longitudinal cross-sectional view of an alternative construction of a 

telescoping catheter; 

Fig. 10 is a longitudinal cross-sectional view of an alternate construction of 
the extension member adapted for use with a stylette; 

Fig. 11 is a longitudinal cross-sectional view of an alternate construction of 
25 the extension member adapted for use with a stylette; 

Fig. 12 is a longitudinal cross-sectional view of a stylette adapted fqr use with 
* the extension members shown in Figs. 10 or 1 1 ; and 

Fig. 13 is a longitudinal cross-sectional view of a stylette adapted for use with 
the extension members shown in Fig. 11. 


1 0 u 

5 

Corresponding reference numerals indicate corresponding parts throughout the 
several views of the drawings. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A catheter constructed according to the principles of the present invention is 
5 indicated generally as 20 in Fig. 1. As shown in the figures and described herein, 
catheter 20 is an electrode catheter having one or more electrodes thereon, but this 
invention is not so limited and the catheter can be used for other purposes, for 
example the delivery of diagnostic or therapeutic agents. Fig. 9 shows such a catheter 
20' with a central passage 21 for the delivery of diagnostic or therapeutic agents. 

10 The electrode catheter 20 of the preferred embodiment comprises a sheath 22 

having a proximal end 24 and a distal end 26. The sheath 22 is preferably about 120 
cm long. There is a connector block 28 at the proximal end of the sheath 22. The 
sheath 22 is preferably made from conventional sheath material, with an outside 
diameter of about 9 French. As shown in Fig. 6, instead of the straight sheath 22, in 

15 an alternate construction of the electrode catheter 20", the sheath 22" may be pre- 
curved, for example to facilitate a transseptal approach to the left atrium. A sleeve 30 
having a proximal end 32 and a distal end 34 is slidably mounted in the sheath 22 so 
that the distal end portion of the sleeve telescopes from the distal end 26 of the sheath. 
The sleeve 30 is preferably about 125 cm long. There is a connector block 36 at the 

20 proximal end of the sleeve 30. The sleeve 30 is preferably made from a conventional 
sheath material, with an outside diameter of about 8 French. (In an alternate 
construction of the electrode catheter 20 m as shown in Fig. 7, there is no sleeve 30.) 

An extension member 38, having a proximal end 40 and a distal end 42 is 
slidably mounted in the sleeve 30 so that the distal end portion of the extension 
25 member telescopes from the distal end 34 of the sleeve. There is a connector block 44 
at the proximal end of the extension member 38. The extension member 38 is 
preferably a tube, made from a conventional catheter material, with an external 
diameter of about 7 French. The extension member is preferably about* 130 cm long. 
- * The distal end portion of the extension member 38 is generally relatively more 
30 flexible than the distal end portion of the sleeve 30. In one alternate construction the 
entire extension member 38 is flexible. . In a second alternate construction, the portion 
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of the extension member containing the magnets (as discussed below) is relatively 
rigid, while the portion of the extension member just proximal to the magnets is 
flexible to allow the extension member to flex. At least one electrode is positioned on 
the distal end of the extension member 38. As shown in Fig. 2, in the preferred 

5 embodiment there is a first electrode 46 on the distal end of the extension member 38, 
having a generally hemispherical shape. This rounded shape facilitates navigation, 
and prevents damage to the surfaces that the distal end of the extension member 
contacts. A lead wire 48 extends from the electrode 46, through the extension 
member 38, to the proximal end 40 of the extension member. A second electrode 50, 

10 in the form of an annular band, extends circumferentially around the distal end portion 
of the extension member 38. A lead wire 52 extends from the electrode 50, through 
the extension member 38, to the proximal end 40 of the extension member. The lead 
wires 48 and 52 can be connected to a measuring device to measure electrical 
potential between the electrodes. Alternatively, the lead wires 48 and 52 can be used 

15 to force a current through the tissue for electrical pacing of the heart. Lead wire 48 
can also be connected to a source of RF energy to provide such energy to electrode 46 
to ablate tissue in contact with the electrode. Additional electrodes, or electrodes in 
other configurations and arrangements can be provided. For example, in the alternate 
construction shown in Fig. 5, the distal end 42 of the extension member 38 can be 

20 provided with two electrodes 60 and 62, separated and electrically insulated from 
each other by a generally diametrically extending partition 64. 

At least one magnet is positioned on the distal end portion of the extension 
member 38 to allow the distal end 42 of the extension member to be oriented by the 
application of an externally applied magnetic field. The externally applied magnetic 

25 field may be applied, for example with a magnetic surgery system like that disclosed 
in co-pending U.S. patent application Serial No. 08-920,446, filed August 29, 1997* 
entitled Method and Apparatus for Magnetically Controlling Motion Direction of a 
Mechanically Pushed Catheter. In this preferred embodiment, there are a plurality of 
magnets 54 inside the tube forming the extension member 38. Each of the magnets 54 

30 . preferably has an annular shape with a central passage through which The lead wires 
48 and 52 may pass. As shown in Fig. 8, in an alternate construction of the extension 
member 38', the magnets 54' are solid with a smaller diameter, allowing wires 48 and 
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52 to pass between the magnets and the wall of the extension member 38\ The 
magnets 54 are preferably closely spaced to each other, and may even be touching so 
that they are held together by mutual magnetic attraction. This configuration 
maximizes the volume of magnetic material while keeping the extension member 38 

5 flexible. The magnets 54 are spaced proximally from the electrodes 46 and 50 on the 
distal end of the extension member to form a flex point 56 in the extension member 
between the magnets and the electrodes. Similarly, the extension member 38 
preferably can telescope out of the sleeve 30 beyond the most proximal of the 
magnets 54 to form a flex point 58 in the extension member between the magnets and 

10 the distal end of the sleeve. 

The electrodes 46 and 50 and magnets 54 are typically radio-opaque so that 
the distal end portion of the extension member is visible in real time fluoroscope 
images. The distal end 34 of the sleeve 30 is preferably provided with a radio-opaque 
band 66, and the distal end 26 of the sheath 22 is provided with a radio-opaque band 

15 68, so that the distal ends of the sleeve and the shaft are also visible under 
fluoroscopy. This helps the user navigate the distal end 42 of the extension member 
into the desired position. The procedure can be viewed in one or more two- 
dimensional images, or conventional image processing can be used to render a three 
dimensional view of the device which could then be placed within a three- 

20 dimensional image set (e.g., from MRI) of the body portion. The radio-opaque 
electrodes 46 and 50, magnets 54, and bands 66 and 68 also facilitate automating 
navigation of the distal end, by providing feedback of the position of the distal ends of 
the sleeves. 

In operation the distal end of the device 20 is navigated to the site in the body 
25 where the procedures, such as an atrial mapping, pacing, and ablation, are to occur. 
The device 20 extends into a heart chamber, for example into the right atrium from 
the inferior vena cava, into the left atrium from the right atrium via a transseptal 
puncture, or into the right ventricle via the tricuspid valve or into the left ventricle via 
- the aortic valve. Once the distal end portion of the device is in the qhamber, a 
30 magnetic field is applied to provide an orienting force to the extension member 38. 
The magnetic field causes the magnets 54 to align in the selected direction. The 
electrode on the distal end of the extension member 38 is then manipulated to the 
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desired location by selectively telescoping the sleeve 30 relative to the sheath 22, and 
the extension member relative to the sleeve. Depending on the navigation system 
being used, the manipulation could be an iterative process, whereby the navigation 
system constantly tweaks the direction of the magnetic field, based on the location of 
5 the tip of the extension member and the desired target location. It would also be 
possible to automate the process, allowing the surgeon to input either a desired 
direction or location, and using a computer to control the magnetic field and the 
telescoping of the sleeve and the extension member. 

In the case of electrophysiologic mapping or pacing, as shown in Fig. 3 the 
10 distal end portion of the extension member 38 is urged against the wall W of the 
chamber to cause the end to flex at flex point 56 proximal of the electrodes 46 and 50 
but distal of the magnets 54. This allows both electrodes 46 and 50 to lie against the 
wall W of the chamber, and allows the measurement of monopolar or bipolar 
electrical impulses in the wall of the atrium between the electrodes. By carefully 
15 navigating the distal end portion of the extension member 38 across the surface of the 
chamber, the entire cardiac chamber can be electrically mapped. 

In the case of therapeutic ablation, as shown in Fig. 4, the electrode 46 on the 
distal end of the extension member 38 can be precisely navigated along the wall of the 
atrium, where RF energy can be applied to ablate the underlying tissue. The precise 
20 navigational control permitted by the electrode catheter allows both focal lesions and 
the creation of lines of continuous lesions to be formed in the chamber, blocking the 
path of stray electrical signals that cause the arrhythmia. Such continuous lines of 
lesions were extremely difficult, if not impossible to form, particularly in the left 
atrium, with prior mechanically steerable catheters. 

25 An alternate construction of the extension member 38 is indicated generally as 

138 in Fig. 10. Extension member 138, having a proximal end and a distal end 142 is 
slidably mounted in a sleeve (not shown) so that the distal end portion of the 
extension member telescopes from the distal end of the sleeve. The extension 
member 138 is preferably a tube made from a conventional catheter material with an 

30 external diameter of about 7 French. The extension member is preferably about 130 
cm long, the tube preferably comprises sections of different stiffness to facilitate 
navigation of the catheter. In the preferred embodiment, the distal section 138a is 
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made from a very flexible vinyl or polyethylene or polyurethane, and the proximal 
section 138b is made from a relatively stiffer material such as nylon. There is a first 
electrode 146 on the distal end of the extension member 138, having a generally 
hemispherical. This rounded shape facilitates navigation, and prevents damage to the 

5 surfaces that the distal end of the extension member contacts. A lead wire extends 
from the electrode 146, through the extension member 138, to the proximal end of the 
extension member. A second electrode 150, in the form of an annular band, extends 
circumferentially around the distal end portion of the extension member 138. A lead 
wire extends from the electrode 150, through the extension member 138, to the 

10 proximal end of the extension member. The lead wires can be connected to a 
measuring device to measure electrical potential between the electrodes. 
Alternatively the lead wires can be used to force a current through the tissue for 
electrical pacing of the heart. The lead wires can also be connected to a source of RF 
energy to provide such energy to the electrodes to ablate tissue in contact with the 

15 electrodes. Additional electrodes, or electrodes in other configurations and 
arrangements can be provided. 

A localization device 153 is preferably incorporated into the extension 
member 138 so that the location of the extension member, and preferably both the 
location and orientation of the extension member, can be determined. In the preferred 
20 embodiment, the localization is a magnet device, such as a triaxial coil receiver for 
AC electromagnetic fields, but the localization could be done with some other device, 
such as ultrasound devices. 

A plurality of magnets 154 are positioned on the distal end portion of the 
extension member 138 to allow the distal end 142 of the extension member to be 

25 oriented by the application of an externally applied magnetic field. The tube forming 
the extension member 138 is open proximal to the magnets to receive at the distal end 
of the stylette 156 to stiffen, shape, or guide the distal end of the extension member. 
The stylette 156 is inserted into the proximal end of extension member 138 and 
advanced to the distal end where the stylette in the lumen of the tube forming the 

30 extension member selectively stiffens the extension member and/or shapes the 
extension member to facilitate navigation. The distal end of the stylette can be pre- 
formed for a particular navigation and inserted into the extension member 138 to 
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shape the extension member for the navigation. The stylette can also be used to push 
the extension member. The stylette can be selectively inserted and removed to 
selectively temporarily stiffen and temporarily soften the distal end of the extension 
member to facilitate navigation. 

5 An alternate construction of the extension member 138 is indicated generally 

as 138' in Fig. 11. Extension member 138' is similar in construction to extension 
member 138, and corresponding parts are identified with corresponding reference 
numerals. However, rather than cylindrical magnets 154, extension member 138' has 
annular magnets 154% whose central opening are aligned to form a passage 158 for 

10 the stylette 156. The stylette 156 can be inserted through the proximal end of 
extension member 138' and into the passage 158 to selectively stiffen and/or shape 
the distal portion of the extension member 138. As shown in Fig. 12, the distal end 
portion of the stylette can be bent, and as shown in Fig. 13 it can be inserted into the 
extension member 138 1 to shape the distal end of the extension member. The passage 

15 158 also allow the stylette 156 to apply a pushing force closer to the distal end of the 
extension member. 

The movement of the sheath, the extension member, and even the stylette, can 
be automated and operated by motor instead of manually, if desired. 


